Atrial fibrillation (AF) is the most challenging rhythm disturbance worldwide. Arrhythmia and its behavior represent complex pathogenesis highly opposing to contemporary curative modalities. Increasing age of patients carries a certain level of risk for AF. Some underlying diseases in concordance with aging actually accelerate the occurrence of AF. Underestimated superimposed risk factors -aging plus any known risk factor or condition (hypertension, diabetes etc.) -elicit great interest and concern. In light of these concerns we offer an elaborated universal hypothesis in attempt to elucidate the genuine origin of AF substrate. Putative chronic toxicity -toxins and/or involution related pseudotoxins potentially generate micro-and macro-structural changes in atrial myocardium thus inciting both intracellular damage (degeneration of myocites, apoptosis) and extracellular fibrotic proliferation (interstitial fibrosis, formation of matrices, degeneration of cells with fibrotic replacement). The co-products of related underlying diseases in cooperation with cellular senescence, endogenous overproduction of specific lipids/lipoproteins and other pro-atherosclerotic and/or inflammatory components generate a total atrial response -vascular/microvascular damage, intracellular and extracellular injuries. These organizational arrangements covering the entire atrial myocardium and perhaps ganglionated plexi/autonomic branches of the nervous system eventually cause clinical havoc -atrial overstretch, atrial adaptation/ maladaptation, electromechanical dysfunction, arrhythmias, heart failure, etc. In essence, valvular heart disease potentially evokes similar changes "violating" thin atrial walls to obey the same scenario. Depicted atriomyodegenerative processes most likely represent the true nature of AF substrate development. Available clinical and morphological evidence potentially designates the atriomyodegenerative or plausible neuro-atriomyodegenerative origin of AF. Deductively fusion of reasons rather than purely heterogeneity is responsible for AF induction. Thus, the uniform approach and synoptic vision of clinical and pathohistological entity may offer an alternative or refreshed viewpoint in AF substrate formation.
Introduction
Atrial fibrillation (AF) is originally known as a disease of the aging population [1] , [2] , [3] . Considerable ongoing efforts have been undertaken to identify potential substrates for AF [4] . There has been an explosion in the understanding of the pathophysiology of AF in the last 20 years in particular [5] . Such a traditional introduction of the reports associated with AF becomes encouraging platitude. Unfortunately, our understanding of mechanisms and etiology of AF remains incomplete [5] , [6] , [7] , [8] .
In general, it may be postulated that atrial myocardium represents vulnerable tissue, however the primary cause/true nature of nonvalvular AF is still unclear. Van Gelder and colleagues [9] state, that AF is not a benign disease. This disorder apparently is non-autonomous. Mysteries associated with AF are the most pervasive and challenging that remain [10] .
Modern AF treatments e.g. ablative procedure, usually do not provide desirable and well-established clinical results; transient effects, high AF recurrence rate or negative side effects are reported [3] . An increasing volume of patients is returning for re-ablation despite years of AF freedom after the procedure [11] . In real life-practice even ultra-radical destructive approach fails to eliminate arrhythmia. Persistent AF recurrences are observed after biatrial surgical ablation procedures with complete isolation of all 4 pulmonary veins under the visual control [12] . Consequently, ablation procedure per se is far from the causal AF treatment.
Despite huge explorative efforts the arrhythmia demonstrates high resistance to contemporary treatment modalities and their notable reluctance to submit to the "domestication". Progressive atriomyodegenerative processes and fibrotic proliferation likelihood opposes to revive still viable atrial myocites and to restore their previous condition. This paper focuses on some aspects associated with arrhythmogenic substrate formation in order to conceptualize the suggested hypothetical scenario. The framework of the new vision is based on brief review of current status of histopathological findings of atrial myocardium and adjacent structures, preferably ganglionated plexi.
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Compact review of histopathological changes in atrial myocardium
Numerous studies have comprehensively analyzed all aspects associated with AF. Therefore we offer just a minimum of the wellknown information to present a context for the reader as it relates to the novel hypothetic/speculative postulations.
The progression of AF is caused by the accumulation of damage in cardiomyocites which makes the atria more vulnerable for AF. [3] . Increased fibrosis and inflammatory infiltrates are found in the atria and pulmonary veins-left atrium junctions [8] . Allessie and colleagues [13] have revealed the presence of diffuse biatrial disease in animal models.
Marked histological abnormalities in aging atria were found by Xu and colleagues in their excellent experimental and human studies [4] . They demonstrated abnormal pathohistological and ultrastructural changes -accelerated fibrosis, apoptosis, matrix degeneration and collagen synthesis; the myolysis was documented in aged dogs. Atrial remodeling was characterized by the researchers as "adaptive responses with maladaptive consequences". Degradation of the myofibril structure (myolysis) is found in patients with persistent AF [14] , [15] especially during the end-stage of atrial remodeling [16] . Degeneration of myocites with exhibited abundant interstitial fibrosis was also reported by Lee, Kostin, Everett and co-authors [7] , [17] , [18] it was indicated that structural remodeling may be an adaptive process (dedifferentiation of cardiomyocites) aimed at protecting the atrial myocites or a maladaptive process (degeneration of cells with fibrotic replacement). Ultrastructural changes -loss of sarcomeres, mitochondrial atrophy, etc. -were documented by electron microscopy [15] . Importantly, cardiac apoptosis results from "mild" but repetitive or prolonged episodes of stress -ischemia, stretch or overload with aging and/or AF [4] chronic hemodynamic overload may be an important factor in triggering a programmed cell death pathway and atrial fibrosis. Due to hemodynamic overload thin atrial walls undergo substantial overstretching [4] . It suggests, that valvular heart disease produces similar atrial effects. According to Zado [19] both AF and heart failure are common conditions and each promotes the other.
Atrial fibrosis in humans may be visualized by newer MRI techniques [20] . Goldberger and co-authors [20] have indicated four stages of atrial fibrosis: no disease, early disease that is not detectable, detectable substrate without AF (ie, preclinical substrate), and manifest AF. The first three stages likely represent an atrial adaptation period while the last one represents -disadaptation. Noteworthy to stress, that in animal models reversal or prevention of fibrosis prevents AF [21] , [22] .
Superimposed risk factors -a set of circumstances initiating AF
Various reports have highlighted the role of common risk/ proarrhythmic factors and predisposing conditions which contribute to the development of AF: old age, ischemic heart disease, rheumatic, valvular, thyroid disease, pre-existent pulmonary disease, hypertension, heart failure, renal failure, chronic hemodynamic overload, obesity, cardiac lipid everload, dyslipidemia, diabetes, metabolic syndrome, high body mass index, obstructive sleep apnea, hypoxia, cardiomyopathy, sick sinus syndrome, significant alcohol/tobacco use or abuse, inflammation, interstitial fibrosis, atrial overstretch, atrial volumetric changes, oxidative stress and prolonged PR interval [6] , [23] - [27] . Some of them are attributed to powerful category. Recently underweight was indicated as a risk factor as well [28] . Atriomyopathy or fibrotic atrial cardiomyopathy is also a favorable milieu for AF [20] , [29] . Interactions between these risk factors or their cumulative effects may not be excluded. AF is strongly age-dependent with approximately 70% of the AF patients between 65 and 85 years [30] . The incidence increases markedly with advancing age [31] . As the population ages, AF will become more and more prevalent [32] . Let's assume that aging is the most important and the most prevalent risk factor for AF. The other well-known proarrhythmic factors however may act in solidarity with the agedependent one or in self-independent manner as alone contributor. In AF patients the hypertension and high body mass index are likely to increase left ventricular stiffness by elevating vascular resistance, thereby leading to increased left atrial enlargement [7] . Herein two overlapping risk factors for AF are mentioned, i.e., hypertension and high body mass index. Individual advanced age as the 3rd factor is to be kept in mind. Due to the convergence of several risks the atrial myocardium becomes much more vulnerable. The preferred aging risk factor in some cases (e.g., in valvular heart disease) may play a less important role, however not of a zero value.
Notably, left atrium size is increased in elderly patients [37] not just in patients suffering from valvular heart disease. Consequently clear relationship may be tracked: an obvious link exists between nonvalvular AF, valvular AF, heart failure, atrial overstretch, atrial volumetric overload, e.g. due to mitral regurgitation and/or due to atrial overload on aging or on congestive heart failure basis. It means that sensitive atrial myocites and the entire atrial myocardium are easily vulnerable. Obviously, atrial enlargement per se is a favorable pro-arrhythmic parameter.
In the natural course of heart failure progression, the viable myocardium is gradually replaced by collagen-rich tissue [33] . It is noteworthy that the progression of heart failure or any other underlying disorder takes time; concordantly the patients are growing older thereby complicating the course of the corresponding chronic disease. Ischemic heart disease, diabetes, obesity, metabolic disorders, chronic obstructive pulmonary disease, inflammation and much more negative ingredients solitary or by coalescence favor AF induction. Co-existence of superimposed factors is to be considered as synoptic heterogeneity of causes which serve for the formation of arrhythmogenic substrate.
Age-related involution processes taking part in the entire human body and atrial wall are actually accelerated by underlying diseases or by appropriate comorbidity. Reportedly, abnormal lipid accumulation is observed in the cardiomyocites of obese and diabetic patients and is thought to contribute to an increased risk of arrhythmia [27] . Overall acceleration of activity of factors mentioned results in the transition of paroxysmal to long-standing AF and finally to atrial functional abnormality.
It seems unbelievable that the underlying heart/non-heart disease may form circumscribed region(s) as a substrate for AF and that these limited pathological areas might be abolished by ablative or other destructive intervention [34] ; alternative pathophysiology of AF may be depicted as an appearance of focal area (e.g. inflammation) which expands centrifugally to the reminder of the atria. A similar mechanism is described of focal atrial tachycardia after surgery [34] .
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Hypothetic, near-realistic considerations It is most likely that the AF occurrence is time-dependant and it correlates with the coincident phase of advanced underlying disease which in turn produces unfavorable "environmental" pro-atrial toxins.
Two hypothetic constituent components participating in the primary substrate formation may be suggested: 1) toxic and 2) pseudotoxic containing pro-degenerative and pro-arrhythmic ingredients. The first one is represented by the underlying etiology which does not directly pertain to atria. It may be renal failure, rheumatic disease along with its inflammation ingredient and corresponding consequences which in turn leads to valvular incompetence, atrial overload, overstretch, enlargement and evolving rough structural changes. The same can be said about the adverse synergistic effects on atrial myocardium that appear on the basis of above mentioned wide spectrum of various underlying diseases. The nature of these toxic products is to be proven yet however they demonstrate "natural" affinity for atrial myocites.
Pseudo-toxic initiating mechanism may occur due to the complex involution/regressive alterations in the entire human body associated with aging processes. Cellular senescence, endogenous overproduction of specific lipids/lipoproteins [35] , [36] and other pro-atherosclerotic components sooner or later do evoke vascular/ microvascular damage resulting in intracellular and extracellular injury. In this regard the coronary artery disease may play the crucial role. Hypertension and diabetes may also be included into the list of pro-pseudo-toxic activities. Most likely atria are affected negatively by both factors -toxic and pseudo-toxic which finally are responsible for the release of extraordinarily complex atriomyodegenerative or neuro-atriomyodegenerative pathology. These putative key factors likely determine the creation of genuine pathophysiological substrate for arrhythmia. Thus, atrial myocardium is compromised as a target organ for the activity of co-products of underlying disease(s)/ conditions. In this regard the underlying diseases apparently trigger the whole clinical entity associated with AF. Atrial propensity to atract the provocative factors delegated by underlying or comorbid illnesses might be the target of future investigation.
Individual peculiarities (atrial vulnerability, susceptibility, comorbidity, immunological state etc.) negatively contribute to AF substrate formation and exacerbation of AF attacks. Elderly patients being free from AF probably are immune to provocative risks; some of them, especially those with the genetic robustness are refractory to arrhythmias throughout the life span.
Some authors indicate that AF manifests itself as a result of multiple heterogeneous groups of disorders [6] . According to Takemoto et al. [38] AF starts as paroxysmal but can evolve relentlessly to the persistent and permanent forms; the mechanisms governing such a transition are unknown. It is considered that the AF itself is not causal. However, it has been demonstrated that AF itself may result in changes in electrophysiology that promote further AF -socalled "AF begets AF" [39] .
The role of ganglionated plexi
It is well known that the autonomic nervous system (ANS) is involved in the onset of AF [40] . Cardiac ANS system consists of extrinsic and intrinsic components, which play significant role in the modulation of the cardiac function [40] . This system has great plasticity in the initiation and maintenance of AF [41] - [43] . Intrinsic cardiac neurons are found in the atria and are innervated with both sympathetic and parasympathetic neurons that are connected to both the spinal cord and medullary neurons [44] . According to Kondo et al. [45] ganglionated plexi are highly associated with AF and are key targets for a maze procedure. Some reports show that intrinsic nerve activity could influence the occurrence of atrial triggers that would increase atrial vulnerability to AF [46] . Shen and colleagues [47] have stressed that activity of ANS is crucial in triggering paroxysmal AF. Interestingly, atrial neural network was described recently [48] , [49] .
Heightened atrial sympathetic innervation has been demonstrated in patients with persistent AF [50] . Relative curative influence on AF by generalized denervation of atria is reported [46] , [51] . While targeting autonomic cardiac ganglia alone does not prevent long-term AF recurrences [52] . Some observations show that ganglionated plexi ablation without pulmonary veins' isolation may be proarrhythmic with decreased atrial sympathetic and parasympathetic innervations [53] . Apparently the ANS contribute to the electrophysiological creation of substrate for AF. Direct autonomic nerve recordings demonstrate that simultaneous sympathovagal discharges and intrinsic cardiac nerve activities are common triggers of AF [47] . We are still unaware as to which risk factor(s) predispose the activation of ganglionated plexi to initiate and/or to mainatain AF. These factors are perhaps already known risks, i.e. the common conditions that were enumerated above (aging, hypertension, diabetes and so forth). Noteworthy, ganglionated plexi could self-activate the influence of extrinsic cardiac ANS [54] . Xi and Cheng [55] have postulated that namely dysfunction of ANS impacts the pathogenesis of AF. Again, the dysfunction or imbalance of ANS perhaps stems from the hierarchic centers residing in spinal cord or in medulla. Such an uncertainty generates the idea of degenerative origin of ANS preferably its parasympathetic branch, thus allowing to be outweighed by sympathetic one. The question is: when and why the activity of ANS is accelerated and why this activity is depressed before the onset of AF? Asymmetry in activities of sympathetic and parasympathetic branches of ANS may explain the dominance of sympathetic component. Recently experimental studies have shown neural remodeling with atrial nerve sprouting and sympathetic hyperinnervation in metabolic syndrome [56] . Ablation impacts favorably the overall success by neutralizing the activity of both branches of ANS. In such a manner the discordance of ANS activity is annihilated presumably.
The degenerative predilection of ganglionated plexi is to be validated. Unfortunately conclusive data of microscopic changes of ganglionated plexi pertaining to AF are lacking. The epicardial fat pad most likely undergoes mechanical over tension, dilation and expansion which are associated with volumetric changes of atria. According to the report of Maesen and co-authors [57] left atrial epicardial adipose tissue (peri-atrial fat) increase with left atrial volume. Thus, secondary changes might be inspired and conspired, at least theoretically, with the involvement of peri/epicardial autonomous neural network.
The role of putative abnormal sympathetic and/or parasympathetic contribution to support the AF substrate formation is to be established yet. Nevertheless, the term of "neuro-degenerative" was incorporated prematurely into the title of this article. The neuro-degenerative component is probably activated due to atrial enlargement especially when it reaches critical parameters. At least theoretically the neurodegenerative ingredient may play specific role in terms of maintaining rather than initiating of AF.
Featured Review
intracellular changes or extracellular matrices might be more beneficial rather than execution of cardiac cells. Huge efforts are to be invested into the novel and more effective treatment modalities precluding and eliminating odds for AF. If neuro-atriomyodegenertive origin of AF is recognized the new treatment strategies should be established.
Thus, the prevention of underlying diseases, effective neuromyoprotective therapy and hampering measures against aging might be the best strategy for AF prevention. Interestingly, weight loss results in regress of AF from persistent to paroxysmal [58] . Widely declared upstream AF control [59] , [60] might be interpreted as a preventive "golden approach" not allowing the pathology to descent into the preclinical and/or clinical phases. Thus, underlying disease must be carefully identified and proeperly managed. All the remaining treatment options (pharmacological, non-pharmacological, cardioversion, ablation therapy etc.) actually represent palliation rather than eradication of "eternal arrhythmia". Aging protection and involution mitigation measures are to be invented as well.
Finally, the synthesis of well-known risk factors by unifying their features potentially enables to state/hypothesize that atrial myocardium demonstrantes high affinity and sensitive effects for specific toxins (unidentified yet) or pseudo-toxins in a "suicide manner" . The value of synoptic toxicity-induced model of AF development remains to be debated. 
Unlearned but helpful definitions
In general, some nosological diseases do not demonstrate a complete set of classical symptoms. The term "forme fruste" represents an atypical or attenuated manifestation of a disease with the implications of incompleteness, partial presence or aborted state. There is a suspicion that overall ischemic heart disease, rheumatic disease, hypertension, diabetes, obesity etc., are not full-blown while lacking of AF. Arrhythmia potentially emerges as a natural course with constituted components of chronic diseases mentioned at least at their end-stage. The increasing age of the patient favorably accelerates the formation of AF substrate. In other words, aging as a "confident" ally strongly supports the release of AF. All together, a pro-arrhythmic underlying disease, AF per se, along with the patient's disposing age leads gradually to the "forme pleine" condition, i.e., to accomplished form of the disease. Myocardial devastation as a fait accompli reflects the presence of continuous pathognomonic sign of the provocative diseases. Such predisposing conditions or etiological heterogeneity most likely beget AF, not "AF begets AF". The onset of AF actually depends on the degree of atrial involvement into the developing processes.
Conclusion
We would like to conjoin multifactorial/multisource etiology into a unique monoetiologic concept of arrhythmogenesis. The proposed hypothesis is focused on conceptualization of the neuroatriomyodegenerative processes which likely occur due to various launching/predegenerative factors of underlying diseases that initiate not only AF, but anatrial remodeling phenomenon as well. Single action or coaction of several prodegenerative ingredients potentially leads to a myodegenerative endpoint at the atrial level. A fusion of reasons rather than purely heterogeneity is most likely responsible for AF induction.
Atrial myocardium might be treated as an exclusive/specific milieu accumulating provocative troublemakers delegated from extracardiac or intracardiac sources along with the favorable proactivity of aging component. Thus, cooperative reasons -toxins and/or pseudotoxins potentially affect the atrial myocardium and are responsible for AF. The possibility of interaction between these factors cannot be ruled out. Deductively, it may be postulated that AF is not an autonomous disease. In fact, atrial myocardium represents the "true victim" of superimposed invaders -toxic and pseudo-toxic products stemming from various chronic diseases or conditions. Hence, atrial myocardium undergoes violation by harmful co-products finally resulting in atrial remodeling. This abnormality is highly resistant to traditional AF therapies. Any well-known progressive degenerative disorder (e.g., idiopathic, arrhythmogenic, dilatative cardiomyopathy, degenerative valve, joint disease, neurodegenerative diseases etc.), are hardly reversible and usually are refractory to medical control. In other words, intramural deconstruction or reverse of already precipitated excessive fibrotic changes is hardly feasible. Such an image of arrhythmogenesis fundamentally reveals our failing efforts to restore the previous viability of affected myocites especially when degenerative processes continue their activity.
Some uncertainty emerges as far as whether the targeted ablation of viable myocites is helpful or not to regain the previous atrial functional status. To revive and to maintain the inherent viability of myocites, not to destroy them (e.g., by ablation) potentially would be the best choice of cure. Theoretically the annihilation of unfavorable
